Comminuted raw turkey, containing 1.4% sodium chloride, 0.3% sodium phosphate, and 0 (control), 2.0, 2.5, 3.0, or 3.5% sodium lactate, was inoculated with a 10-strain mixture of proteolytic type A and B Clostridium botulinum spores. The inoculated turkey was vacuum packaged and cooked by immersion in heated water to an internal temperature of 71.1°C. Samples were incubated at 27°C for up to 10 days. Five samples per treatment were examined for botulinal toxin at specific intervals. Sodium lactate exhibited an antibotulinal effect which was concentration dependent. Processed turkey containing 0, 2.0, 2.5, 3.0, or 3.5% sodium lactate was toxic after 3, 4 to 5, 4 to 6, 7, or 7 to 8 days, respectively. Subsequent studies with a broth medium revealed that lactate, not the sodium ion, was the principal factor in delaying botulinal-toxin formation.
Vacuum-packaged, cook-in-bag turkey products are by definition processed and marketed in the same package. The heat treatment applied results in destruction of vegetative cells, leaving principally spores in the finished product. These uncured products contain sufficient nutrients, a low level of salt, a pH near neutrality, and an oxygen-free environment, all of which permit growth of and toxin production by Clostridium botulinum. Refrigeration is the only factor controlling a potential problem with C. botulinum in these products.
Control of C. botulinum in cured meat products is largely due to the use of sodium nitrite in combination with sodium chloride (3). Since the major antibotulinal factors present in cured meat products are absent in uncured cook-in-bag poultry products, research is needed to identify acceptable antibotulinal agents for inclusion in such products in case they are temperature abused.
Little work regarding the antimicrobial activity of lactate salts has been published. In 1972, Krol (5) reported decreased growth of lactobacilli, micrococci, and "Achromobacter" species in dry-cured, country-style ham formulated with sodium lactate. He postulated that this may have been due to a bactericidal effect of sodium lactate. The purpose of the present study was to determine if sodium lactate could be used to control C. botulinum in cook-in-bag turkey products under conditions of temperature abuse.
MATERIALS AND METHODS Turkey inoculation study. A model system with comminuted turkey rather than whole turkey breasts was used. This facilitated the preparation of small batches that could be uniformly inoculated with spores of C. botulinum. Ground turkey was prepared by double grinding turkey breasts through a 0. The packages were processed to an internal temperature of 71.1°C by submersion in 88°C water followed by ice chilling for 1 h. This process served to both cook the products and heat shock the spores. Immediately after the products were cooled, C. botulinum spore counts on two samples of each treatment were determined by the mostprobable-number method, with Trypticase (BBL Microbiology Systems, Cockeysville, Md.)-peptone-glucose-yeast extract broth without trypsin (9) .
The processed turkey was incubated at 27°C. Five samples per treatment were tested for toxin after 0 through 10 days of storage. Gassy samples were chosen first for toxin analysis. If none of them exhibited gas, then samples were chosen at random. The entire contents from each package were transferred to a stomacher bag and weighed, and an equal weight of gelatin-phosphate buffer, pH 6.2, was added. Each sample was macerated with a Stomacher (model 400; Cooke Laboratory Products, Alexandria, Va.) for 2 min. After the contents of the bag were macerated, they were filtered through cheesecloth into a beaker. The filtrate was centrifuged at 5,000 x g for 5 min, and the supernatant fraction was tested for botulinal toxin.
For detection of toxin, duplicate ICR albino mice were injected intraperitoneally with 0.5 ml of supernatant fluid. Mice were observed for 4 days for symptoms of botulism. If Broth inoculation study. In order to determine the factor(s), i.e., lactate or sodium ion or both, responsible for the antibotulinal effect of lactate salts, different concentrations of sodium chloride and sodium lactate were added to reinforced clostridial medium (0.3% yeast extract, 1.0% beef extract, 1.0% peptone, 0.5% glucose, 0.1% soluble starch, 0.3% potassium acetate, 0.05% cysteine-hydrochloride). These salts were added to yield seven predetermined combinations of brine contents, sodium concentrations, lactate concentrations, and ionic strengths ( Table 1) .
All media combinations were dispensed in 25-ml amounts into screw-cap test tubes (20 by 2.4 cm). Medium in each tube was inoculated with C. botulinum spores (10-strain mixture described above) and then heat shocked at 80°C for 15 min. Inoculated media were incubated anaerobically in GasPak jars (BBL) at 27°C. Five tubes of each test combination were assayed for botulinal toxin (mouse bioassay) at 0, 2, 4, 6, 8, 10, and 12 days postinoculation. Spore counts were done on three samples at day 0 using the five-tube most-probable-number method. The average level of C. botulinum spores ranged from 28 to 160/ml. Two replicates of this study were done.
RESULTS AND DISCUSSION Turkey inoculation study. The results from all three trials showed similar trends ( Table 2 ). As the level of sodium lactate was increased from 2.0 to 3.5%, the production of toxin by C. botulinum was delayed. The Table 3 . The data presented are an average of analyses of all three trials. The turkey meat used in the model system had the same proximate composition, salt content, and pH as commercially produced turkey breast products.
The model system used in this study was designed to match, as closely as possible, the production of vacuumpackaged, cook-in-bag turkey products. It deviates from the commercial product in two major aspects. First, the inoculum level of C. botulinum, which ranged from 2.2 to 23 spores per g, was substantially higher than the contamination level normally found in fresh and processed meats. The level of naturally occurring botulinal spores in these products is very low. In several studies, the concentration of C. botulinum spores ranged from 0.00004 to 0.00167/g in raw (2) and processed (1, 4, 8) meats. Studies by Skjelkvale and Tjaberg (7) revealed a low level of mesophilic Clostridium species in semipreserved meat products, but no C. botulinum was detected.
Second, the turkey breasts were ground, and the ingredients and spores were thoroughly mixed with the meat to ensure uniform distribution. Under production conditions, the sodium chloride, sodium phosphate, and sodium lactate would be prepared as a brine solution and pumped into whole raw turkey breast. Of these deviations, the first factor gave this study a "worse-than-normal" character, and the second factor probably had little effect. Since sodium lactate demonstrated antibotulinal activity under these conditions, it is likely that sodium lactate will be effective in delaying botulinal-toxin production in turkey meat processed under standard manufacturing conditions. Broth inoculation study. Similar trends in the effect of sodium lactate concentration were observed in results of studies done to determine the effect of lactate versus sodium ion on botulinal-toxin formation (Table 4) . When results of treatments 5, 6, and 7, which had equivalent sodium levels (1.14%) and ionic strengths (0.51) but different sodium chloride (2.50, 1.25, and 0.00%, respectively) and sodium lactate (0.00, 2.40, and 4.80%, respectively) levels, were compared, it was evident that lactate concentration rather than sodium concentration, ionic strength, or brine content was the principal antibotulinal factor in the medium. The delay of botulinal-toxin production in the reinforced clostridial medium was dependent on the lactate concentration, just as it was in the turkey inoculation study. There appeared to be a minimum threshold level of lactate required for delay of botulinal-toxin production. In this study, the level was between 1.92 and 2.40% sodium lactate, since no delay was observed with treatment 4, which contained 1.92% sodium lactate.
Differences were observed in the time of botulinal-toxin formation in trial 1 and trial 2, although equivalent combinations of sodium chloride and sodium lactate were present in the reinforced clostridial medium. These differences were likely due to the pH of the medium, which ranged from 5.8 to 6.0 in trial 1 and from 6.2 to 6.5 in trial 2. The antimicrobial activity of lactate is greater at lower pH values, principally because of the presence of greater amounts of undissociated lactate as the acidity of the medium is increased. The pH of USP technical-grade sodium lactate solutions can vary from 5.0 to 9.0. Two different manufacturing lots of sodium lactate were used for the broth studies. This likely explains why the pH values of the broths used in trial 1 and trial 2 were different.
Although the specific mode of action or mechanism of lactate in the delay of botulinal-toxin production is unknown, we propose two possible mechanisms. First, the presence of high levels of lactate ion may shift the pyruvatereduction-to-lactate reaction closer to its thermodynamic equilibrium, thereby inhibiting a major anaerobic energy metabolism pathway that is essential for growth. Second, in C. botulinum, lactate efflux from the bacterial cell may be coupled to ATP generation from proton transfer across cell membranes, as demonstrated with Streptococcusfaecalis by Simpson et al. (6) . A high level of extracellular lactate may inhibit this mechanism.
These results indicate that sodium lactate delays the production of botulinal toxin and that this effect is concentration dependent. This is believed to be the first report on the antibotulinal effect of lactate salts. "See Table 1 for formulation of each treatment. b Number of toxic samples/number of samples tested. Average numbers (most probable numbers) of C. botulinuim spores were 28/ml in trial 1 and 160/mI in trial 2.
